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Abstract 

Objective To model the overall and income specific effect of a 20% tax 
on sugar sweetened drinks on the prevalence of overweight and obesity 
in the UK. 

Design Econometric and comparative risk assessment modelling study. 

Setting United Kingdom. 

Population Adults aged 16 and over. 

Intervention A 20% tax on sugar sweetened drinks. 

Main outcome measures The primary outcomes were the overall and 
income specific changes in the number and percentage of overweight 
(body mass index >25) and obese (>30) adults in the UK following the 
implementation of the tax. Secondary outcomes were the effect by age 
group ( 1 6-29, 30-49, and >50 years) and by UK constituent country. The 
revenue generated from the tax and the income specific changes in 
weekly expenditure on drinks were also estimated. 

Results A 20% tax on sugar sweetened drinks was estimated to reduce 
the number of obese adults in the UK by 1 .3% (95% credible interval 
0.8% to 1 .7%) or 180 000 (1 10 000 to 247 000) people and the number 
who are overweight by 0.9% (0.6% to 1.1%) or 285 000 (201 000 to 364 
000) people. The predicted reductions in prevalence of obesity for income 
thirds 1 (lowest income), 2, and 3 (highest income) were 1 .3% (0.3% to 
2.0%), 0.9% (0.1 % to 1 .6%), and 2.1% (1 .3% to 2.9%). The effect on 
obesity declined with age. Predicted annual revenue was £276m (£272m 
to £279m), with estimated increases in total expenditure on drinks for 
income thirds 1 , 2, and 3 of 2.1% (1 .4% to 3.0%), 1 .7% (1 .2% to 2.2%), 
and 0.8% (0.4% to 1.2%). 



Conclusions A 20% tax on sugar sweetened drinks would lead to a 
reduction in the prevalence of obesity in the UK of 1 .3% (around 180 
000 people). The greatest effects may occur in young people, with no 
significant differences between income groups. Both effects warrant 
further exploration. Taxation of sugar sweetened drinks is a promising 
population measure to target population obesity, particularly among 
younger adults. 

Introduction 

The growing evidence of the negative health effects of sugar 
sweetened drinks has led to calls for action to limit 
consumption. 1 2 Several options exist, including controls on the 
marketing of sugar sweetened drinks, limits on portion sizes, 
and taxation. 1 In the United Kingdom, the sale of sugar 
sweetened drinks in schools and their advertisement during 
children's television is banned. Raising the price through 
taxation, as happens with alcohol and tobacco, has recently been 
recommended as an option in the UK. 1 4 

A tax on sugar sweetened drinks may be an effective measure 
to improve health for several reasons. Firstly, good evidence 
shows that regular consumption of sugar sweetened drinks is 
associated with ill health — principally, adverse weight gain, 
type 2 diabetes, cardiovascular disease, and dental caries. 5 " 1 " 
Although much of the evidence comes from prospective cohort 
studies, the associations with weight gain are also supported by 
clinical trial data. 5 7 Moreover, this evidence is complemented 
by laboratory studies that elucidate the mechanisms by which 
sugar sweetened drinks are likely to damage cardio-metabolic 
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health." Secondly, as sugar sweetened drinks are weak appetite 
suppressants, a reduction in their consumption is likely to lead 
to a reduction in calorie intake, with people being unlikely to 
seek alternative sources of calories." 12 Thirdly, sugar sweetened 
drinks are non-necessities and contain no beneficial nutrients, 
so direct harm from reducing consumption will not occur. 
Fourthly, whereas taxes on unhealthy foods may be problematic 
because of concern about unintended substitution effects (for 
example, a tax on foods high in saturated fat may lead to a shift 
towards salty foods), 13 the potential substitutes for sugar 
sweetened drinks (diet drinks, fruit juice, milk, water) are 
probably less harmful for health. Finally, from a legislative 
perspective, sugar sweetened drinks can be clearly defined. 

In January 2013 the non-governmental organisation Sustain, 
supported by 61 health organisations, called for a 20 pence per 
litre excise duty on sugar sweetened drinks. 4 In February, the 
Academy of Medical Royal Colleges called for a 20% tax on 
sugar sweetened drinks as part of its enquiry into clinical and 
public health solutions to the obesity epidemic. 1 Although the 
UK government has indicated a preference for voluntary 
approaches to the control of obesity, it has not ruled out fiscal 
measures. 14 Clearly, the idea of a sugar sweetened drink tax is 
gaining traction in the UK, but its effect on health remains 
uncertain. Although sales taxes on soft drinks in Ireland and 
France have both been associated with a reduction in 
consumption, the health effects have not been studied. 15 16 No 
significant effect on obesity of US state sales taxes has been 
found, although the level of taxation there has probably been 
too low to affect health. 13 17 The modelled estimates of the health 
effect of a 20% sugar sweetened drink tax in the United States 
vary, but such a tax has been predicted to reduce obesity by up 
to three percentage points. 13 18 The effect of a sugar sweetened 
drink tax in the UK has not, until now, been formally estimated. 
The markedly different levels of consumption of sugar 
sweetened drinks in the United States and the UK (735 
kj/person/day in the US compared with 209 kj in the UK) 
suggest that a tax may have a lesser effect in the UK. 12 19 

One concern about sugar sweetened drink taxation (as with any 
indirect taxation) is that it would be regressive in its financial 
effect, disproportionately affecting poorer members of society, 
although other people have suggested that the tax may be 
progressive in terms of health outcomes. 12 Modelling studies 
have yet to capture these income specific health effects by using 
income specific estimates of the effect of price rises. We set out 
formally to estimate the effect of a 20% tax on sugar sweetened 
drinks on obesity in the UK. We also sought to understand the 
health effect on different income groups. 

Methods 

We used household survey data to estimate the effect of a 20% 
tax on purchases and consumption of sugar sweetened drinks. 
We used the estimates generated to derive the change in energy 
intake, which we then used to model the effect on average body 
weight and prevalence of obesity in the UK (fig l|l). We chose 
to model the effects on body weight because good evidence 
(from both trials and epidemiological studies) links regular 
consumption of sugar sweetened drinks to weight gain. 8 10 12 
Moreover, data from longitudinal studies support the idea that 
changes in the price of sugar sweetened drinks are linked to 
changes in body weight. 20 Other groups have used this form of 
modelling to estimate the effects of a sugar sweetened drink tax 
on obesity. 18 21 22 



Data — price and purchasing 

Data on prices and purchasing of drinks and foods came from 
the Living Costs and Food Survey, 2010. 23 This is a 
representative sample of food and drink purchasing in the UK 
and uses two week food expenditure diaries. For the 2010 
survey, 5263 households (12 196 people) in the UK completed 
the survey on total household food purchases. This was used to 
estimate average expenditure on sugar sweetened drinks and 
other drinks in 2010 for the whole population and by income 
group. 24 Quantity purchased is also reported in the survey and, 
using a quantity index, the price paid can thus be derived. The 
survey divides purchases into 256 food and drink categories. 
For the purposes of the modelling, we grouped 22 drink 
categories and 14 milk categories into 12 main drink categories 
(see supplementary table Al). For the purpose of this work, we 
defined sugar sweetened drinks as soft drinks with added sugar. 
This comprised two categories from the Living Costs and Food 
Survey: "soft drinks, concentrated, not low calorie," which we 
term sugar sweetened drinks (concentrated), and "soft drinks, 
not concentrated, not low calorie," which we term sugar 
sweetened drinks (non-concentrated). The second group 
comprises carbonated beverages with added sugar, energy 
drinks, and fruit drinks with added sugar. 

Data — drink consumption 

Drink consumption data came from the National Diet and 
Nutrition Survey (2008-10), a representative survey of UK 
diets. 25 We chose this in preference to the Living Costs and Food 
Survey, in which data are collected at the household level, which 
would have precluded our making estimates of consumption by 
age. The National Diet and Nutrition Survey collects data at an 
individual level, allowing estimates of consumption by age. It 
also reports consumption, in contrast to the Living Costs and 
Food Survey, which reports purchases. Over the period 2008-10, 
2126 people completed a four day food and drink diary for the 
National Diet and Nutrition Survey. We matched drink 
categories from the Living Costs and Food Survey to those in 
the National Diet and Nutrition Survey (supplementary table 
Al). We derived overall drink consumption and consumption 
by thirds of equivalised (adjusted for household size and 
composition) income. We broke these estimates down by age 
(16-29, 30-49, and >50 years). 

Data — body mass index and population 

To estimate the prevalence of overweight and obesity, we used 
the Health Survey for England, 2010, and the Scottish Health 
Survey, 2010. 26 27 These surveys involve objective, not self 
reported, measurement in large samples so that reliable estimates 
of the change in prevalence in different sex, age, and income 
subgroups could be made. We did not use the Welsh Health 
Survey, because it records self reported body mass index, which 
may underestimate true body mass index. 28 We also did not use 
the Health Survey for Northern Ireland, because it was too small 
to allow us to estimate the prevalence of obesity and overweight 
by subgroup accurately. 

We used the Health Survey for England to estimate the 
prevalence of overweight and obesity for Northern Ireland and 
Wales. The obesity prevalence reported in their respective health 
surveys (22% and 23%, respectively) was closer to that observed 
in the Health Survey for England (26%) than the Scottish Health 
Survey (28%). 29 30 We made weighted estimates of prevalence 
for each sex, age group, and third of equivalised income. 

Estimates of the population in England, Scotland, Wales, and 
Northern Ireland came from the 201 1 census. 31 33 We combined 
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these with the overweight and obesity prevalence estimates to 
estimate the total number of people who were overweight or 
obese in the four countries. 

Modelling step 1 — effect of tax rises on drink 
purchases 

To simulate the effect of a tax induced price rise, we estimated 
price elasticities. These measure the change in quantity 
demanded (purchased) if the price of the product itself changes 
(own price elasticity) or the price of another product changes 
(cross price elasticity). For example, an own price elasticity of 
-0.9 for sugar sweetened drinks indicates that a 10% increase 
in the price results in a 9% lower consumption of such drinks, 
whereas a cross price elasticity of 0.2 between sugar sweetened 
drinks and milk indicates that a 10% higher price of sugar 
sweetened drinks leads to milk consumption being higher by 
2%, implying that milk is a substitute for sugar sweetened 
drinks. 

We estimated elasticities by applying a Bayesian approach to 
estimate an almost ideal demand system. 34 This approach ensures 
that the substitution patterns estimated are consistent across the 
different food and drink groups in the model: an increase in 
expenditure in one good must be matched by an appropriate 
reduction in expenditure on another good. We also used a 
modified approach to allow for the possibility that within the 
two week survey period of the Living Costs and Food Survey, 
observed purchases may differ from actual demand as stocks 
are either built up or run down, by treating quantity demanded 
as a latent variable. 35 Model estimation was carried out with a 
Markov Chain Monte Carlo algorithm, during which latent 
quantities were estimated by using data augmentation. 36 

We aggregated the Living Costs and Food Survey drinks groups 
into groups as set out in figure 2jj for the purposes of simulating 
the effects of a sugar sweetened drink tax. However, estimating 
a single demand system for these groups was not possible. We 
therefore adopted the hierarchical approach depicted in figure 
2JJ, and estimated five demand systems. The elasticities that 
result from this estimation are conditional and assume that the 
change in quantity resulting from a change in price takes place 
with expenditure on all of the goods in the given demand system 
remaining constant. To relax this assumption, we calculated 
unconditional elasticities. 37 Unconditional elasticities allow 
expenditure on a group to change in response to a price change 
within that group. They allow, for example, an increase in 
expenditure on sugar sweetened drinks in response to a rise in 
their price that is offset by reducing expenditure on another food 
or drinks group. 

We estimated price elasticities for the whole UK population 
and for the thirds of income. We then used the own price and 
cross price elasticity estimates to predict the percentage change 
in purchasing of the 12 different drink categories as a result of 
a 20% increase in price of sugar sweetened drinks. When 
modelling the health effects, we explicitly modelled these only 
on the basis of changes in drink consumption. This is in keeping 
with past work that has assumed that substitution with foods 
arising from a sugar sweetened drink tax is negligible. 5 9 18 
Consistent with this assumption, the substitution effects we 
observed with respect to food were non-significant. 

Modelling step 2 — effect of changes in drink 
purchases on energy intake 

We assumed the estimated percentage change in drinks 
purchased (derived in step 1 from Living Costs and Food Survey 
data) to be the same as the percentage change in consumption. 



We therefore applied the estimated percentage changes in 
purchases to the National Diet and Nutrition Survey dataset to 
estimate the change in consumption of each type of drink (see 
supplementary table Al). We used the change in volume of 
drinks consumed to estimate the change in the energy intake, 
using measures of the average calorie density of beverages, as 
reported in the National Diet and Nutrition Survey. We summed 
the changes for each beverage to give an estimate of the net 
change in energy intake. We estimated income specific 
percentage changes by applying income specific percentage 
changes in consumption to income and age specific estimates 
of baseline consumption for the three age groups (16-29, 30-49, 
and >50 years). For estimates of overall age specific changes, 
we applied overall percentage changes to age specific baseline 
consumption for the three age groups. 

Modelling step 3 — effect of changes in energy 
intake on body mass index 

We modelled the change in the proportion of people who are 
overweight or obese by using a comparative risk assessment 
model known as PRIME. The PRIME model has previously 
been used to model the effects of dietary changes on mortality 
due to chronic disease in the UK setting. 38 " 41 A detailed 
description of the PRIME model is available in the 
supplementary data of an open access article. 42 

The relevant section of the PRIME model used here is concerned 
with changes in body weight as a result of changes in total 
energy intake. It uses equations derived by Christiansen and 
Garby based on the second law of thermodynamics (concerning 
energy conservation). 43 The equations for men and women 
predict a new "steady state" body weight allowing for changes 
in basal metabolic rate and fat distribution as weight changes. 
The estimates for change in body weight produced by this 
method are similar to those derived using Hall and Jordan's 
dynamic model, 44 45 which others have used to estimate the effect 
of a sugar sweetened drink tax on obesity. 18 

The PRIME model estimates the change in the distribution of 
body mass index for each age, sex, and third of income as a 
result of the change in the mean energy intake on the basis of 
the assumption that body mass index in the population follows 
a log-normal distribution and that the variance of body mass 
index in the population is unaffected by the change in energy 
intake. In our model, we also assumed that physical activity 
levels would not change. We used the population estimates to 
estimate the absolute change in the number of people who are 
overweight or obese. 

Country and income third specific estimates 

For the country specific estimates, we used age specific 
estimates of the change in energy intake as well as age, sex, and 
country specific baseline body mass index data from the 
appropriate health survey. For income third specific estimates, 
we used income third and age specific estimates of change in 
energy intake, as well as income, age, sex, and country specific 
baseline body mass index data from the appropriate health 
survey. Estimates of the age and sex distribution of the 
population in each income third by country were based on the 
distribution found in the Health Survey for England (for 
England, Wales, and Northern Ireland) and the Scottish Health 
Survey (for Scotland). 
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Estimating tax revenue and changes in 
expenditure 

We estimated the new expenditure on drinks by applying 
estimates of the percentage change in purchases (derived in step 
1) to expenditure data from the Living Costs and Food Survey 
(with a 20% increase in the price of sugar sweetened drinks). 
From this, we estimated the change in expenditure on all drinks 
and the mean amount of tax paid per person per week. We then 
estimated the total additional tax revenue by multiplying the 
mean amount of tax paid per person by the total population in 
the UK aged 16 years and over. We also made estimates of 
change in expenditure for each third of income. 

Scenarios and 95% credible intervals 

The primary scenario modelled was a 20% tax. We re-ran the 
model for the key results assuming a 10% tax. The uncertainty 
surounding price elasticity estimates is illustrated by the 95% 
credible intervals. For estimates of the change in calorie intake, 
expenditure, and revenue generated, we calculated the 95% 
credible intervals by using 12 000 iterations of a Markov Chain 
Monte Carlo analysis (with a burn-in period of 2000). 

Results 

Consumption of sugar sweetened drinks 

According to the National Diet and Nutrition Survey, the mean 
volume of sugar sweetened drinks consumed is 123 mL per 
person per day. This equates to a mean energy intake of 206 
kj/person/day, but marked variation by age exists (table ljj). 
People aged 16-29 years consume an average of 452 
kj/person/day from sugar sweetened drinks, and those aged 50 
years and over consume an average of 96 kj/person/day. Table 
21| shows overall values for consumption of sugar sweetened 
drinks by income. Sugar sweetened drink consumption seems 
to have a U-shaped relation with income. A trend for greater 
sugar sweetened drinks consumption with increasing income 
exists for men, and a trend for decreasing consumption with 
increasing income exists for women (data not shown). Diet 
drinks show a trend for increasing consumption with increasing 
income. 

Elasticity estimates 

Table 3JJ. shows selected own price and cross price elasticity 
estimates. Overall, the estimated own price elasticity for sugar 
sweetened drinks is -0.92 for concentrated drinks and -0.8 1 
for non-concentrated drinks. The drink category that shows a 
relatively large substitution effect (cross price value >0. 10; that 
is, a 2% or greater increase in consumption for a 20% price rise) 
for price rises of concentrated sugar sweetened drinks is 
concentrated diet soft drinks. For non-concentrated sugar 
sweetened drinks, relatively large substitution effects (cross 
price value >0.10) occur for non-concentrated diet soft drinks, 
concentrated sugar sweetened drinks, milk, fruit juice, and tea 
and coffee (table 3 II). The own price estimates for income third 
1 (lowest income) are -1.03 for concentrated and -0.79 for 
non-concentrated; for third 2 they are -0.83 and -0.80, and for 
third 3 they are -0.91 and -0.85. The substitution patterns for 
each income third with respect to which drinks are substituted 
are similar to the overall effect, although a trend exists towards 
larger substitution effects in income third 1 (lowest income) 
(see supplementary tables A2-A4). 



Change in consumption results 

Table 4|J shows changes in consumption of the different drinks 
as a result of the tax. The 20% tax is predicted to reduce 
consumption of concentrated sugar sweetened drinks by 15% 
and non-concentrated sugar sweetened drinks by 16%. 
Compensatory increases in consumption of other drinks are 
particularly pronounced for diet drinks, tea and coffee, milk, 
and fruit juice. The pattern is broadly similar across the three 
income thirds. A trend exists for greater changes in consumption 
of sugar sweetened drinks (non-concentrated) and water as 
income rises and, conversely, greater changes in consumption 
of diet soft drinks (non-concentrated) and milk as income falls. 
The lowest income group also shows a greater tendency to 
substitute sugar sweetened drinks with fruit juice and 
concentrated diet soft drinks. 

Change in energy intake 

Table 5JJ shows predicted changes in energy intake. The mean 
reduction in energy intake from the tax is 16.7 (95% credible 
interval 1 1.3 to 21.7) kj/person/day. However, marked variation 
by age can be seen (table 5 II). People aged 16-29 years are 
predicted to reduce their net energy intake by 56.3 (47.9 to 64.4) 
kj/person/day, and those aged 50 and over are predicted to see 
a small (but not significant) increase of 1.7 (-2.2 to 5.9) 
kj/person/day. People in the highest income third are predicted 
to have greater reductions in energy intake, although the 95% 
credible intervals overlap for all three income thirds. The smaller 
reductions in energy intake for the two lowest income thirds 
compared with the highest third are primarily due to a greater 
substitution with high fat milk (table 4JJ.). 

Effect on overweight and obesity 

Table 611 shows the overall effect of the tax on obesity. The tax 
is predicted to reduce the number of people in the UK who are 
obese by 1.3% (0.8% to 1.7%) or 180 000 (110 000 to 247 000) 
people and the number who are overweight or obese by 0.9% 
(0.6% to 1.1%) or 285 000 (201 000 to 364 000) people. The 
percentage changes are similar across the four countries. The 
predicted reduction in prevalence of obesity in income third 3 
(highest income) is 2.1% (1.3% to 2.9%); this is greater than 
the reductions in income third 2 of 0.9% (0.1% to 1.6%) and 
income third 1 (lowest income) of 1.3% (0.3% to 2.0%), but 
the credible intervals overlap (table 7!J). The effects of the 
taxation on obesity decline with age (tables 7IJ). For the oldest 
age group, a suggestion of a small non-significant increase in 
the prevalence of overweight and obesity is apparent. The 
estimated reduction in mean population body mass index is 0.07 
(0.05 to 0.09), with the same patterning by income and age as 
the predicted changes to prevalence of obesity (table Sli). 

Tax revenue and expenditure 

The 20% tax is estimated to generate £276m (£272m to £279m) 
annually. Average weekly expenditure on sugar sweetened 
drinks is 61. lp per person before the tax and increases to 61. 7p 
(61.0p to 62.5p) after taxation (a 1.1% (-0.2% to 2.4%) 
increase). The net increase in expenditure on all drinks is 8.4p 
(6.8p to 10. 2p) per person per week. The highest increase in 
expenditure on all drinks is in income third 1 (9.4p (6.2p to 
13.4p) per person per week increase; a 2.1% (1.4% to 3.0%) 
increase) compared with increases of9.1p (6. 6p to 11. 9p; 1.7%, 
1.2% to 2.2%) in income third 2 and 6.0p (3.2p to 8.8p; 0.8%, 
0.4% to 1.2%) in income third 3. 
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Effects of a 10% tax 

Our model predicts that a 10% tax on sugar sweetened drinks 
will have approximately half the effect of a 20% tax, with 89 
400 (55 300 to 124 500) fewer obese people in the UK, a 0.6% 
(0.4% to 0.9%) reduction. The pattern of effect by both age and 
third of income is the same as that seen with a 20% tax, and the 
estimated revenue generated is £139m (£137m to £140m). 

Discussion 

A 20% sales tax on sugar sweetened drinks is predicted to reduce 
the number of adults in the UK who are obese by 1 80 000 (1.3%) 
and the number who are overweight by 285 000 (0.9%). The 
tax would predominantly affect people aged under 30 years, 
who are the major consumers of sugar sweetened drinks. The 
effect on obesity is estimated to be similar for each constituent 
country in the UK, and the predicted revenue generated is £276m 
(€326m; $442). We did not find greater health gains for poorer 
groups. 

Strengths and weaknesses of study 

The strengths of this study are the use of contemporary UK 
specific data, consideration of substitution to other drinks, and 
estimation of differential effects by income. We modelled the 
effect by income considering the main potential drivers of 
differences between income groups (price responsiveness, 
baseline consumption of sugar sweetened drinks, and prevalence 
of obesity). 46 Unlike some studies, 22 47 our measure of drinks 
consumption includes all drinks consumed, both at home and 
away from the home. The model also uses a validated set of 
equations that estimate the change in steady state body weight. 

To carry out the modelling, we had to use data from a range of 
different sources as no single dataset contains all the relevant 
information. Although all datasets are reported to be 
representative of the UK population, this may not be the case 
and applying results from one dataset to another requires the 
assumption that the samples in each dataset were drawn from 
the same population. Noticeably, some small differences exist 
in the definitions used to define the different drinks categories. 
A fully linked dataset would also have given us more flexibility 
in the analysis, allowing us, for example, to estimate price 
response by different consumption, calorie, and body mass index 
groups. 

Discussion is taking place in the economic community about 
the most appropriate way to estimate elasticity values and to 
model the effect of tax rises on consumption. The strength of 
our approach is the use of unconditional elasticity values that 
make allowance for people shifting expenditure between food 
and drink items. However, when estimating demand functions, 
identifying whether the causes of price variation are demand 
driven (for example, greater demand for sugar sweetened drinks 
in the summer might prompt retailers to raise prices) or supply 
driven (and so independent of demand; for example, change in 
production costs leading to a rise in sale price) is difficult. The 
former may lead to errors in the estimation of the true effect. 46 
If so, this could lead to a smaller effect of the tax than our 
estimates imply. We discuss below how our elasticity estimates 
compare with the literature, including studies using different 
techniques. 

We were not able to model different price effects by age because 
the Living Costs and Food Survey does not contain individual 
information on purchasing, only household information; we 
therefore assumed identical price elasticities for all age groups. 
Applying these price elasticities to different age specific baseline 



consumption patterns may be inappropriate — notably, the 
youngest age group are high consumers of sugar sweetened 
drinks. Some evidence suggests that high consumers are less 
price sensitive than low consumers, 46 which might suggest that 
the response in this age group would be less than we have 
estimated. Similarly, using the population average values for 
older people, whose consumption of sugar sweetened drinks is 
very low, suggests that older people increase their consumption 
of milk to such an extent that they may experience a small net 
increase in energy intake. This seems unlikely given that the 
older population consume relatively few sugar sweetened drinks, 
which might suggest a relatively limited response to the tax. 
Price responses may also differ (independently of consumption) 
among the different age groups. However, we are not aware of 
any empirical data on this. For these reasons, the absolute age 
group estimates should be treated with caution, but the relative 
effects, a much greater response in the young population, seem 
realistic. For the same reason as we were not able to calculate 
age specific price elasticities, we were unable to calculate price 
elasticities for different body mass index groups. 

By using the National Diet and Nutrition Survey, we have been 
able to include the consumption of all soft drinks in our analyses, 
including that of drinks purchased for consumption away from 
the home. Nevertheless, our estimates of sugar sweetened drink 
consumption seem to underestimate consumption in comparison 
with sales data. The British Soft Drinks Association (a trade 
body) reported total sales of 163 L/person/year (assuming a 1:4 
ratio for concentrates) of sugar sweetened drinks (that is, 
carbonates, concentrates, still and juice beverages, and energy 
drinks, but excluding water and diet beverages) in the UK in 
2011. 48 This is equivalent to 446 mL/person/day (around 670 
kj/person/day and 7% of recommended caloric intake). This 
can be compared with our estimate from the National Diet and 
Nutrition Survey of 123 mL/person/day (206 kj/person/day). 
Similar differences between dietary surveys and sales data are 
also described for alcohol in the UK. 49 If the manufacturers' 
figures reflect actual consumption, our estimates may 
underestimate the effect on obesity. These differences also 
account for the discrepancy between our estimate of revenue 
and that of £lbn from the recent Sustain report, which was based 
on retail data. 4 

We have not explicitly considered substitution of drinks with 
food items. Other authors have suggested that price rises of 
sugar sweetened drinks are not associated with significant 
substitution to food. 46 The tax modelled was a sales tax, as this 
was more practical to model than the excise tax preferred by 
health bodies. An excise tax results in a uniform price increase 
per unit volume, removing any incentive to switch to large 
portion sizes that will tend to represent "better value'" under a 
sales tax. 4 

We have assumed that any tax rise is passed on fully to the 
consumer, but the actual pass-on rate could be less, or more, 
than 100%. Recent data concerning the French tax on sugar 
sweetened drinks (and artificially sweetened drinks) suggests 
that a pass-on rate approaching 100% may be reasonable. 50 
Furthermore, we have considered only obesity as an outcome. 
The effects on other health outcomes, such as type 2 diabetes, 
dental caries, and cardiovascular disease, as well as the 
secondary effects of obesity, such as cancer or arthritis, have 
not been modelled. 

When modelling the effect on obesity of the population, we 
have assumed that the prevalence of obesity for England, Wales, 
and Northern Ireland is the same as that measured by the Health 
Survey for England. The prevalence of obesity may be different 
in both Wales and Northern Ireland. Furthermore, when we 
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estimated the baseline prevalence of obesity and distribution 
by both age group and third of income from the Health Survey 
for England and the Scottish Health Survey, the small numbers 
of respondents at this degree of disaggregation mean that 
reported results will be less accurate than overall population 
level results. 

The credible intervals presented reflect the uncertainty 
surrounding the price elasticity estimates and not the uncertainty 
regarding the parameters in the relation between energy intake 
and obesity or uncertainty in estimates of sugar sweetened drink 
consumption. The uncertainty around price elasticity estimates 
is considerably greater than the parametric uncertainty 
surrounding the obesity modelling and is therefore preferentially 
reported. Structural uncertainties in the design of the model are 
also not reflected in our uncertainty estimates. Finally, the model 
is cross sectional and does not model how prevalence of obesity 
would shift over time as a result of the taxation. Modelling that 
does include a time component suggests that most of the effect 
from a tax would occur within two years, but the full effect may 
take up to five to 10 years to be seen. 18 

Comparison with other studies 

One other study has modelled the effects of a 10% and a 20% 
price rise on sugar sweetened drink consumption in the UK." 
Our study explicitly set out to model the health effects of such 
a tax and included a full economic model to describe both the 
own price and cross price effects resulting from the tax. In terms 
of effect on consumption, Ng et al estimated a reduction in sugar 
sweetened drink intake of 104 mL (10%) per person per week 
compared with our predicted reduction of around 15%. 19 The 
substitution effects predicted in Ng et al's study are very slight, 
and as a result the predicted change in energy intake is larger 
(net decrease of 24 kj/person/day compared with our estimate 
of 17 kj/person/day). 

A recent meta-analysis, largely based on US modelling studies, 
suggested that for every 1% increase in price, energy intake 
would reduce by 0.02%. 51 This suggests an average reduction 
in energy intake of 33 (17 to 67) kj/person/day. Our estimate 
is about half of this at just 17 kj. This is partly because the 
meta-analysis predominantly included studies with a high 
baseline consumption of sugar sweetened drinks, in which a tax 
may have greater potential to reduce energy intake. The lower 
levels of baseline sugar sweetened drink consumption in the 
UK compared with the US may in part explain why the effect 
on obesity that we estimate in the UK is much less than that 
estimated in the US. 12 The differences with respect to other 
modelling studies may also be partly explained by their use of 
higher own price elasticity values for sugar sweetened drinks 
than we have calculated and used here. 18 22 52 We cannot make 
direct comparisons between the results of our study and the 
results of recent studies of the effect of reducing sugar sweetened 
drink consumption on body weight in children, 5 7 as the relation 
between energy balance and change in body mass index in 
children who are growing is different from that in adults. 

In terms of own price elasticity values, a recent meta-analysis 
estimated an average own price effect for carbonated sugar 
sweetened drinks (a near equivalent of the category 
non-concentrated sugar sweetened drinks, which predominantly 
includes carbonated drinks) of -0.93, larger than our value of 
-0.81 ." Our estimated value is also at the lower end of the range 
of own price elasticities frequently cited for sugar sweetened 
drinks of -0.8 to -1.0, based on one large review. 52 Our own 
price estimate is comparable to experimental data (a 25% 
reduction for a 35% price rise) in a canteen study. 53 However, 



all these estimates may be influenced by US studies in which 
higher estimates may reflect higher levels of consumption. 

In terms of substitution effects, the major difference between 
our estimates and those from the US is that our data indicate 
that diet soft drinks are a substitute for sugar sweetened drinks, 
whereas US data suggest that diet soft drinks are a complement 
(as the price of sugar sweetened drinks goes up, consumption 
of diet drinks goes down). 18 22 This may explain why a US tax 
on sugar sweetened drinks has been so heavily resisted, as a 
"double whammy" on sales of both diet soft drinks and sugar 
sweetened drinks would occur. IS . Furthermore, our data suggest 
a switch to a variety of other drinks, whereas in the US the 
dominant pattern may be a switch towards fruit juice. 18 22 

Our estimates of the own price effect by income for 
non-concentrated sugar sweetened drinks suggest a smaller 
response by the lowest income group in comparison with the 
other two income groups, although the magnitude of the 
difference is small. This finding may run counter to what many 
people expect. Economic theory suggests that the response to 
a price change has two components — share of expenditure and 
a behavioural response. Although sugar sweetened drinks occupy 
a lower proportion of total expenditure as income rises, the 
Living Costs and Food Survey data suggests that they occupy 
a greater proportion of food and drink expenditure ( 1 .7%, 1 .9%, 
and 2.2% for income thirds 1, 2, and 3 respectively). This may 
go part way to explain the observed price elasticities. Secondly, 
the behavioural component may also vary with income. For 
example, a significant preference for sugar sweetened drinks 
among people on a lower income compared with those on a 
high income might suggest a relatively attenuated price response. 

The literature suggests mixed findings with respect to price 
sensitivity of sugar sweetened drinks and income. Lin et al 
estimate a similar effect to ours, with a smaller response of 
-0.95 for the lowest income group compared with -1.3 in the 
highest income group. 18 Conversely, another recent paper, also 
from the US, found greater price responsiveness among people 
on a lower income. 46 A recent systematic review found greater 
responses by low income groups, but this was for a mixed group 
of confectionary and sugar sweetened drinks. 54 

Meaning of study 

The principal group expected to benefit from a tax on sugar 
sweetened drinks would be people under the age of 30 years, 
because they have a higher consumption of such drinks. This 
is important to communicate to both the public and policy 
makers, who see the tax as a blanket measure on obesity. It 
would also suggest that an evaluation, particularly concerning 
health effects, should focus on younger people. Although 
improving the health of younger people has the potential to offer 
lifelong health gains, the complications of obesity typically 
present in later life, so savings to the health service are unlikely 
to be realised in the shorter term. 

The main substitutes for sugar sweetened drinks seem to be diet 
drinks, milk, tea and coffee, and fruit juice. In terms of obesity, 
the shift to diet beverages will reduce calorie intake. However, 
other authors have voiced concerns about consumption of 
artificial sweeteners, because they may promote an appetite for 
sweet things, they harm bone and dental health, and their long 
term safety profile is not precisely clear. 55 However, the 
European Food Safety Agency recently concluded that 
aspartame, the most common artificial sweetener, is safe at 
present consumption levels. 56 The shift to milk consumption as 
sugar sweetened drink consumption falls might be expected. 
The rise in sugar sweetened drink consumption has been noted 
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to have displaced milk from the diet, and this may partly account 
for the apparent detrimental effects of regular sugar sweetened 
drink consumption on bone health. 57 

We had hypothesised progressive health gains, but our results 
do not support this pattern. Although the highest income group 
experience the greatest reduction in obesity, the credible 
intervals between all three income groups overlap. We also note 
that many of the underlying determinants of potential differences 
(consumption levels, price elasticity, and prevalence of obesity) 
seem to be relatively uniform across income groups. Taken 
together in the UK context, this may suggest that the effect will 
be relatively uniform between the different groups, but this area 
warrants further exploration. Other studies, in the US setting, 
have found evidence of progressive health gains, 47 58 and these 
income group differences seem to be partly driven by differences 
in consumption levels between income groups. 5 " 

We also note a trend for greater increases in weekly expenditure 
on drinks as income decreases. Given that a regressive tax is 
one in which the proportion of income spent falls as income 
rises, this supports the notion that the tax would be regressive 
in its financial effect. However, the average size of the financial 
effect is low at around 8p per person per week. 

The predicted revenue generated following a 20% tax on sugar 
sweetened drinks is £27 6m. This could be used to increase NHS 
funding during a period of budget restrictions or to subsidise 
foods with health benefits, such as fruit and vegetables. The 
Global Burden of Disease Study 2010 predicted that sugar 
sweetened drink consumption contributes a relatively small 
amount to UK population morbidity (28 000 disability adjusted 
life years) compared with low fruit and vegetable consumption 
(1 130 000 disability adjusted life years). 59 Using revenue from 
a sugar sweetened drink tax to reduce the prices of fruit and 
vegetables is a potential mechanism for further improving 
population health. 6 " 

The effect of this tax on consumption of sugar sweetened drinks 
is relatively large, around a 15% reduction. By comparison, the 
effects on obesity are relatively modest. This is in part because 
sugar sweetened drinks are not consumed in large amounts by 
the older adult population in whom obesity is more prevalent 
and causes more disease. Our study also shows that although 
such a tax would not be a panacea for obesity, it could make a 
useful contribution to a multi-pronged strategy to combat obesity 
and other diet related disease. 3 

Unanswered questions 

The quantity of sugar sweetened drinks consumed in the UK 
remains uncertain. Whereas estimates from the National Diet 
and Nutrition Survey and Living Costs and Food Survey are 
broadly comparable (123 mL/adult/day versus 168 
mL/person/day), the British Soft Drinks Association's figures 
are threefold to fourfold higher. 48 61 The level and pattern of 
consumption will determine the magnitude of the public health 
effects of a sugar sweetened drinks tax, as well as its effect on 
health inequalities. Further work should be done to clarify the 
level (and patterns) of sugar sweetened drink consumption in 
the UK. 

This study has considered only the direct effects of the price 
rise itself. Secondary reductions in consumption may occur 
from the negative publicity surrounding sugar sweetened drinks, 
resulting from either the continuing debate about legislation or 
the stigma attached to public awareness of a special tax on health 
grounds. Interaction with individual level approaches (such as 
a dietitian's advice) to reduce sugar sweetened drink 
consumption may also occur. 



The response of industry to the tax is uncertain, both the extent 
to which companies would pass the tax onto consumers and 
whether they would respond in other ways, either fighting the 
measure or promoting diet drinks as an alternative. This work 
has not considered public opinion, which may be critical when 
deciding whether a tax is adopted. 

Conclusion 

A 20% tax on sugar sweetened drinks is predicted to reduce the 
prevalence of obesity in the UK by 1.3% (around 180 000 
people). The greatest effects are seen for young people, and no 
significant differences are found between income groups. Both 
effects warrant further exploration. Taxation represents a 
measure to target population obesity, particularly among young 
people, but should not be seen as a panacea. 
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What is already known on this topic 

Regular consumption of sugar sweetened drinks increases the risk of obesity, diabetes, and dental caries 

A tax on sugar sweetened drinks has been proposed as one means to reduce consumption and raise revenue; it is gaining traction both 
politically and among health advocacy organisations 

Taxes on sugar sweetened beverages are likely to reduce consumption, but the effect on obesity in the UK and for different income 
groups is unknown 

Progressive health gains (that is, the greatest health benefits for people on lower incomes) have been predicted 
What this study adds 

The number of people in the UK who are obese is predicted to reduce by 1 .3% following the introduction of a tax on sugar sweetened 
drinks 

Health gains may be similar for all income groups in the UK 

The greatest reductions in obesity would occur among young people in the UK 
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Tables 



| Average daily consumption and energy intakes from different drinks by age 

Daily consumption of drinks in mL (energy intake from drinks in kj) 



Drink group 


i o-^y years 


ou-*iy years 


>50 years 


All nrll ■lie'* 

am aauns 


Sugar sweetened drinks (concentrated) 


154(231) 


58 (88) 


28 (43) 


59 (102) 


Sugar sweetened drinks (non-concentrated) 


147 (221) 


59 (89) 


33 (53) 


64 (104) 


Milk 


131 (280) 


151 (314) 


184(387) 


162 (338) 


Fruit juice 


56 (86) 


60 (93) 


49 (75) 


54 (84) 


Diet soft drinks (concentrated) 


82 (6) 


43 (3) 


12(1) 


33 (3) 


Diet soft drinks (non-concentrated) 


78 (6) 


68 (5) 


28 (2) 


54 (4) 


Tea and coffee 


719 (0) 


1130 (0) 


1228 (0) 


1107 (0) 


Beer 


256 (332) 


271 (352) 


152 (198) 


221 (282) 


Wine 


24 (67) 


67 (188) 


67 (187) 


60 (160) 


Other alcohol 


13 (70) 


5(26) 


5(26) 


7(36) 


Total 


1660 (1299) 


1912 (1159) 


1786 (973) 


1821 (1112) 



"Aged 16 years and over. 
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able 2| Average daily consumption and energy intakes from different drinks by thirds of income 

Daily consumption of drinks in mL (energy intake from beverages in kj) 



Drink group 


Third 1 (lowest income) 


Third 2 


Third 3 (highest income) 


Sugar sweetened drinks (concentrated) 


72 (108) 


47 (71) 


61 (92) 


Sugar sweetened drinks (non-concentrated) 


79 (119) 


52 (78) 


68 (102) 


Milk 


149(344) 


165 (338) 


164(331) 


Fruit juice 


50 (83) 


43 (84) 


68 (81) 


Diet soft drinks (concentrated) 


31 (3) 


26 (3) 


42 (4) 


Diet soft drinks (non-concentrated) 


53 (4) 


45 (4) 


71 (5) 


Tea and coffee 


959 (0) 


1128 (0) 


1232 (0) 


Beer 


267 (230) 


169 (252) 


248 (357) 


Wine 


22 (140) 


52 (162) 


99 (170) 


Other alcohol 


6 (28) 


5(24) 


12(57) 


Total 


1688 (1052) 


1732 (1072) 


2065 (1212) 
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able 3| Estimated own price and cross price elasticity values (standard errors) for drinks 



Drink group 


Milk 


Water 


Fruit 
juice 


Diet soft drinks SSDs Diet soft drinks SSDs 
(concentrated) (concentrated) (non-concentrated) (non-concentrated) 


Tea 
coffee 


Other 
drinks 


Beer 


Wine 


Other 
alcohol 


Milk 


-0.981 * 
(0.039) 


0.002 
(0.001) 


0.008* 
(0.001) 


0.012* (0.001) 


0.032* (0.004) 


0.070* (0.008) 


0.157* (0.017) 


0.1 65* 
(0.028) 


0.01 7* 
(0.003) 


0.002 
(0.002) 


0.003 
(0.002) 


0.002 
(0.002) 


Water 


0.01 6 
(0.014) 


-1 .174* 

(0.221) 


0.009 
(0.009) 


0.008 (0.006) 


0.021 (0.015) 


0.051 (0.032) 


0.098 (0.072) 


0.1 89 
(0.181) 


0.01 9 
(0.019) 


0.001 
(0.002) 


0.002 
(0.002) 


0.001 
(0.001) 


F n lit ii iifP 

\ 1 U 1 1 J U 1 L/C 


0.025* 
(0.005) 


0.003 
(0.003) 


-0.971 * 
(0.060) 


0.010* (0.002) 


0.027* (0.005) 


0.058* (0.010) 


0.128* (0.024) 


0.1 21 * 
(0.053) 


0.01 3* 
(0.006) 


0.001 
(0.001) 


0.002 
(0.002) 


0.001 
(0.001) 


flint cnft Hrinkc 
UICI oUll Ullll r\o 

(concentrated) 


0.019* 
(0.004) 


0.002 
(0.001) 


0.005* 
(0.001) 


-0.979* (0.220) 


0.304 (0.171) 


0.082 (0.141) 


0.073 (0.129) 


0.1 10* 

(0.025) 


0.01 1* 

(0.003) 


0.001 
(0.002) 


0.002 
(0.002) 


0.001 
(0.001) 


SSDs 

(concentrated) 


0.020* 
(0.003) 


0.002 
(0.001) 


0.005* 
(0.001) 


0.107 (0.066) 


-0.921* (0.077) 


0.100* (0.050) 


0.179* (0.048) 


0.1 12* 
(0.020) 


0.01 2* 
(0.002) 


0.001 
(0.002) 


0.002 
(0.002) 


0.001 
(0.001) 


f~lint cnft Hnnkc 

UICI oUll Ullll r\o 

(non-concentrated) 


0.026* 
(0.003) 


0.002* 
(0.001) 


0.007* 
(0.001) 


0.005 (0.026) 


0.027 (0.025) 


-0.903* (0.031) 


0.167* (0.028) 


0.1 47* 
(0.024) 


0.01 5* 
(0.003) 


0.002 
(0.002) 


0.003 
(0.003) 


0.002 
(0.002) 


SSDs 

(non-concentrated) 


0.027* 
(0.003) 


0.002* 
(0.001) 


0.008* 
(0.001) 


-0.004 (0.011) 


0.013 (0.012) 


0.063* (0.015) 


-0.811* (0.024) 


0.1 54* 
(0.025) 


0.01 6* 
(0.003) 


0.002 
(0.002) 


0.003 
(0.003) 


0.002 
(0.002) 


Tp;a pnH rnffpp 


0.031* 
(0.005) 


0.005 
(0.003) 


0.007* 
(0.003) 


0.013* (0.002) 


0.035* (0.005) 


0.076* (0.012) 


0.169* (0.026) 


-0.912* 
(0.084) 


-0.006 
(0.018) 


0.002 
(0.002) 


0.002 
(0.003) 


0.002 
(0.002) 


Other drinks 


0.016* 
(0.005) 


0.003 
(0.002) 


0.004* 
(0.002) 


0.007* (0.002) 


0.018* (0.006) 


0.038* (0.013) 


0.089* (0.028) 


0.340 
(0.186) 


-0.822* 
(0.155) 


0.001 
(0.001) 


0.001 
(0.002) 


0.001 
(0.001) 


Beer 


-0.001 
(0.001) 


0.000 
(0.000) 


0.000 
(0.000) 


-0.001 (0.001) 


-0.001 (0.001) 


-0.004 (0.003) 


-0.006 (0.006) 


-0.007 
(0.006) 


-0.001 
(0.001) 


-0.921* 
(0.088) 


0.032* 
(0.005) 


0.016* 
(0.005) 


Wine 


-0.001 
(0.001) 


0.000 
(0.000) 


-0.001 
(0.000) 


-0.001 (0.001) 


-0.002 (0.002) 


-0.005 (0.003) 


-0.008 (0.007) 


-0.008 
(0.007) 


-0.001 
(0.001) 


0.022* 
(0.003) 


-1.009* 
(0.037) 


0.021* 
(0.003) 


Other alcohol 


-0.001 
(0.001) 


0.000 
(0.000) 


0.000 
(0.000) 


-0.001 (0.001) 


-0.001 (0.001) 


-0.003 (0.003) 


-0.006 (0.007) 


-0.006 
(0.006) 


-0.001 
(0.001) 


0.018* 
(0.006) 


0.035* 
(0.006) 


-0.969* 
(0.110) 



SSD=sugar sweetened drink. 

Elasticity estimates refer to price rise for item listed in top row with respect to quantity change for those listed in first column. 
'Elasticity estimates with 95% confidence intervals that exclude zero. 



No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe 



S/WJ2013;347:f6189 doi: 10.1 136/bmj.f6189 (Published 31 October 2013) 



Page 12 of 17 



RESEARCH 



able 4| Change in consumption of drinks as result of 20% tax. Values are percentages 





Thirds of income 




Drink group 


1 (lowest) 


2 


3 (highest) 


All 


Sugar sweetened drinks (concentrated) 


-15.9 


-13.7 


-15.0 


-14.8 


Sugar sweetened drinks (non-concentrated) 


-15.2 


-15.9 


-16.8 


-16.0 


Milk 


4.3 


3.9 


3.2 


3.7 


Fruit juice 


3.5 


2.6 


3.3 


3.1 


Diet soft drinks (concentrated) 


11.8 


4.7 


6.4 


7.5 


Diet soft drinks (non-concentrated) 


5.4 


3.4 


2.9 


3.9 


Tea and coffee 


4.1 


4.8 


3.2 


4.1 


Other drinks 


2.8 


2.0 


1.6 


2.1 


Beer 


0 


0 


-0.4 


-0.1 


Wine 


0 


0 


-0.6 


-0.2 


Other alcohol 


0 


0 


-0.4 


-0.1 


Water 


1.1 


2.1 


3.9 


2.4 
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able 5| Daily change in energy intake per person by age and third of income following 20% sugar sweetened drinks tax. Values are kj 
(95% credible interval) 









Age group (years) 






Third of income 


16-29 




30-49 >50 


Overall 




1 (lowest) 


-55.8 (-71 .3 to 


-39.2) 


-1 3.6 (-22.5 to -3.3) -0.7 (-8.2 to 8.7) 


-19.2 (-29.3 to 


-7.6) 


2 


-54.2 (-67.8 to 


-39.9) 


-1 2.3 (-1 9.3 to -4.9) 6.3 (0.7 to 1 2.7) 


-13.4 (-21.2 to 


-4.8) 


3 (highest) 


-69.6 (-84.3 to 


-55.2) 


-1 8.2 (-25.2 to -1 1 .2) -4.6 (-1 0.5 to 1 .6) 


-23.2 (-31 .3 to - 


-15.0) 


Overall 


-56.3 (-64.4 to 


-47.9) 


-1 3.0 (-1 7.5 to -8.2) 1 .7 (-2.2 to 5.9) 


-1 8.7 (-21 .7 to - 


-11.3) 


Overall results adjusted for variation in baseline consumption by age (16-29, 30-49, and >50 years). 
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Table | Change in obese (BMI>30) and overweight (BMI>25) population for constituent countries in UK following implementation of 20% 
tax on sugar sweetened drinks 




Change in No (95% CI) of people obese or overweight 


Change in percentage (95% CI) of obese or overweight 
population 


Country 


BMI>30 BMI>25 


BMI>30 


BMI>25 


England 


-151 500 (-297 400 to -92 300) -240 600 (-307 500 to -170 300) 


-1.3 (-1.7 to -0.8) 


-0.9 (-1.1 to -0.6) 


Wales 


-8300 (-1 1 500 to -4800) -1 3 300 (-1 7 1 00 to -9300) 


-1.2 (-1.6 to -0.7) 


-0.8 (-1 .0 to -0.6) 


Scotland 


-1 5 200 (-21 1 00 to -91 00) -12 200 (-28 700 to -1 5 400) 


-1.2 (-1.7 to -0.7) 


-0.8 (-1.0 to -0.5) 


Northern Ireland 


-5300 (-7200 to -2200) -8500 (-1 0 800 to -61 00) 


-1.4 (-1.8 to -0.9) 


-0.9 (-1.2 to -0.7) 


UK 


-1 80 400 (-247 1 00 to -1 09 500) -284 600 (-364 1 00 to -201 000) 


-1.3 (-1.7 to -0.8) 


-0.9 (-1.1 to -0.6) 


BMI=body mass index; Cl=credible interval. 

Results adjusted for age (16-29, 30-49, and >50 years). 
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Table 7| Change in obese (BMI>30) and overweight (BMI>25) population by age and thirds of income 


Change in No (95% CI) of people obese or overweight 


Change in percentage (95% CI) of obese or overweight 
population 


BMI>30 BMI>25 


BMI230 


BMI>25 


By income group 


Income third 1 -58 900 (-96 000 to -1 5 600) -87 500 (-1 29 900 to -39 400) 


-1 .3 (-2.0 to -0.3) 


-0.9 (-1 .3 to -0.4) 


Income third 2 -47 700 (-84 300 to -7400) -82 300 (-1 24 800 to -36 300) 


-0.9 (-1.6 to -0.1) 


-0.7 (-1 .0 to -0.3) 


Income third 3 -97 300 (-1 34 900 to -58 600) -1 45 300 (-1 93 900 to -96 000) 


-2.1 (-2.9 to -1.3) 


-1.2 (-1.6 to -0.8) 


By age group 


1 6-29 years -1 27 800 (-1 45 800 to -1 09 000) -227 200 (-260 000 to -1 93 200) 


-7.6 (-8.6 to -6.4) 


-4.2 (-4.8 to -3.6) 


30-49 years -64 1 00 (-86 200 to -40 800) -67 500 (-90 900 to -42 800) 


-1.3 (-1 .7 to -0.8) 


-0.6 (-0.8 to -0.4) 


>50 years 1 1 500 (-1 5 1 00 to 40 300) 1 0 000 (-1 3 200 to 35 000) 


0.2 (-0.2 to 0.5) 


0.1 (-0.1 to 0.2) 


BMI=body mass index; Cl=credible interval. 
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able 8| Change in mean body mass index (95% credible interval) by age and income 









Age group (years) 






Third of income 


16-29 




30-49 >50 


Overall 




1 (lowest) 


-0.24 (-0.30 to 


-0.17) 


-0.06 (-0.10 to -0.01 ) 0 (-0.04 to 0.04) 


-0.08 (-0.13 to 


-0.03) 


2 


-0.22 (-0.28 to 


-0.17) 


-0.05 (-0.08 to -0.02) 0.03 (0 to 0.07) 


-0.06 (-0.09 to 


-0.02) 


3 (highest) 


-0.28 (-0.34 to 


-0.22) 


-0.08 (-0.10 to -0.05) -0.02 (-0.05 to 0.01 ) 


-0.10 (-0.13 to 


-0.06) 


Overall 


-0.23 (-0.28 to 


-0.20) 


-0.05 (-0.07 to -0.03) 0.01 (-0.01 to 0.03) 


-0.07 (-0.09 to 


-0.05) 
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Figures 



20% tax on sugar 
sweetened beverages (SSBs) 

\ 

price of Assume pass on-rate of 100% 

SSB rises 



A. quantity Of SSBs Estimated using the Living Costs and Food Survey, 2010(23} 

{and other beverages) purchased 



Assumed to be the same change as the 
change in quantity purchased 



Estimated using National Diet and Nutrition Survey, 200S (25) 



A SSBs and other 
beverages drunk 

V, H 

A liquid 

calories consumed 

\ 

A total calories 
consumed 

\ 

A energy 
balance 

A weight eased on Christiansen & Garby (43) 



Assumed to be the same change as the 
change in liquid calories 



Assumed to be the same change as the 
change in total calories consumed 



\ Based on UK population from census 

A obesity B ase0 on prevalence from health surveys^ 



Modelled 
- Using 
PRIME 



Fig 1 Modelled causal pathway between sugar sweetened drink taxation and obesity 



Demand System 1 



Dairy & Eggs 



Meat & Fish 



Fats& 
Starches 



Fruits & Nuts 



Veg 



Non-Alcoholic 
drinks 



Alcohol 



Demand System 2 Demand System 4 



Milk 



Water 



Fruit Juice 



Soft Drinks 



Beverages 



Demand System 3 



Beer 



Wine 



Other 



Concentrated, 
diet 



Concentrated, 
regular 



Diet 



Regular 



Demand System 5 



Tea & Coffee 



Other 



Fig 2 Categorisation of drinks and demand systems estimated 
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